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Abstract

Patients with inherited bleeding disorders who received clotting factor concentrates 
before 1987 have high rates of HCV or HCV/HIV infection. We evaluated HCV 
quasispecies evolution in longitudinally collected specimens comparing those from 
patients with progression to end-stage liver disease (ESLD) (cases) to those with 
compensated chronic hepatitis (controls). Plasma samples were obtained from the NCI 
Multicenter Hemophilia Cohort Study. Controls were matched for age, gender, infection 
duration, and presence/absence of HIV. Samples from early infection were compared to 
those obtained after onset of ESLD in the cases. The first hypervariable (HVR1) and core 
protein coding regions were amplified, subcloned and sequenced. Complexity and 
diversity were determined. Over 700 subclones from 10 pairs of patients (8 with HIV) 
followed over approximately 9.3 years were evaluated. HVR1 complexity narrowed over 
time in the cases, while it increased in controls (p = 0.01). Similar trends were observed 
for diversity within HVR1 and the core region (p ≤ 0.04). HCV-infected patients with 
inherited bleeding disorders undergo quasispecies evolution over time. Evolution patterns 
differ for progressors and nonprogressors. Further understanding of these mechanisms 
may help identify factors related to progression rate and treatment response.



3

Introduction

Hepatitis C virus (HCV) infection is associated with progression to end-stage 

liver disease (ESLD) in a significant subset of chronically infected patients. 

Hemophiliacs and other patients with inherited bleeding disorders who received clotting 

factor concentrates prior to 1987 are at particular risk for acquiring HCV infection from 

recurrent exposure to concentrates made from plasma pools prepared from 20,000 or 

more blood donors at a time when single-unit risk of infection approached 5%.1 Through 

the 1980’s the HCV infection risk was compounded by transmission of human 

immunodeficiency virus (HIV) in blood products. Increased rates of progression to ESLD 

in those with chronic HCV infection have been well documented in hemophiliacs and in 

other populations with HIV coinfection.2-4 

HCV replicates at very high levels with production of virions estimated at up to 

1012 copies/day.5 This high rate of replication, combined with lack of an error correction 

mechanism and ongoing but variable immune selection, results in development of both 

synonymous and nonsynonymous mutations. Immune selection puts pressure on key

antigen-recognition sites and drives the emergence of a closely related virus family that 

can be isolated from the serum of infected patients. Previous evaluation of viral 

population dynamics has provided critical insights into short-term outcomes including 

early spontaneous viral clearance,6 interferon-associated viral clearance,7,8 and HCV 

emergence following liver transplantation.9,10 However, lack of suitable long-term 

longitudinal cohorts has limited study of the relationship between HCV quasispecies 

evolution and development of ESLD. Furthermore, most studies assessing quasispecies 
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heterogeneity have focused on the first hypervariable region (HVR1) within the E2/NS1

portion of the HCV genome. However, the core region has been associated with multiple 

functions, including regulation of tumor suppressor genes,11-13 modification of cell 

susceptibility to apoptosis,14,15 and inhibition of HIV-1 and hepatitis B virus 

replication.16,17 Therefore, studies of the core region may provide important insights into 

the relationship between quasispecies and disease progression. 

In this report, we evaluated the emergence of HCV quasispecies in a longitudinal 

cohort of hemophiliacs with either HCV or HCV/HIV coinfection among subjects with 

clear clinical progression to ESLD compared to emergence in matched controls without 

evidence of clinical progression. 

Materials and Methods

Study Population

Plasma samples from patients with known HCV and HIV status were collected 

from the NCI Multicenter Hemophilia Cohort Study (MHCS) and stored at -80o C. This 

study cohort was initiated for the study of HIV infections in 1982 and included periodic 

clinical evaluation and testing for HIV antibodies beginning in 1984 and HCV antibodies 

beginning in 1990.4 All subjects provided informed consent at the time of enrollment, and 

the protocol was approved at Institutional Review Boards at each of the participating 

clinical sites. Laboratory evaluation included complete blood count, serum transaminases 

(aspartate aminotransferase (AST) and alanine aminotransferase (ALT)), hepatitis B 

antigen and antibody status, and CD4+ counts. These were collected approximately 

annually over a minimum of five years for two comparison groups of patients comprising 

cases and controls. Cases consisted of either HCV/HIV coinfected or HCV monoinfected 
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patients with liver failure, defined as persistent ascites, variceal bleeding, hepatic 

encephalopathy or death attributed to liver disease.3,4 The control group included 

coinfected or monoinfected patients without liver failure and with stable liver function 

tests. Cases and controls were matched by age, gender, HIV status, and estimated 

duration of HCV infection at first and last samples tested herein. Dates of initial HCV 

infection were estimated using history of use of clotting factor concentrate (first use =

infection) and plasma or cryoprecipitate (midpoint between first plasma/cryoprecipitate 

and first concentrate use or 1990). There were 10 matched pairs overall: 8 pairs were 

HCV/HIV coinfected and 2 pairs were HCV monoinfected. The preponderance of 

coinfected pairs is representative of the proportional difference in coinfected vs. 

monoinfected patients with liver failure within the cohort.

HCV RNA isolation, HVR1 and core region amplification

HCV RNA was extracted from 140 µl of patient plasma using a QIAamp Viral 

RNA Mini kit (QIAGEN, Valencia, CA) according to the manufacturer’s protocol. 

Amplification of the E2/NS1 was carried out using a nested RT-PCR method described 

by Sherman et al.18 The first set of primers used were: external forward (EF), position 

1048 –1067, 5’-GGTGCTCACTGGGGAGTCCT-3’; external reverse (ER), position 

1291c – 1269c, 5’-CATTGCAGTTCAGGGCCGTGCTA-3’; internal forward (IF), 

position 1087 – 1106, 5’-TCCATGGTGGGGAACTGGGC-3’; and internal reverse (IR), 

position 1262c – 1243c, 5’-TGCCAACTGCCGTTGGTGTT-3’, with the primer 

positions corresponding to the HCV sequence described by Choo et al.19,20 These primers 

flank a 136-bp region of the E1/E2 envelope coding domain that includes the HVR1.   
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The second set of primers, used to amplify a 1270-bp product which includes the HCV 

core protein, were:  EF, position –62 to –42, 5’-CTTGTGGTACTGCCTGATAGG-3’; 

ER position 1291c – 1269c, 5’-CATTGCAGTTCAGGGCCGTGCTA-3’; IF, position –

51 to –29, 5’-GCCTGATAGGGTGCTTGCGAGTG-3’, and IR, position 1262c – 1243c, 

5’-TGCCAACTGCCGTTGGTGTT-3’.

Cloning and Sequencing of cDNA

The HCV cDNA products were ligated into pGEM-T Easy Vector and used to 

transform JM109 high efficiency competent cells according to the manufacturer’s 

protocol (Promega Corp., Madison, WI). Each transformation culture was plated out on 

LB/ampicillin/IPTG/X-Gal plates and grown overnight at 37 °C. White colonies 

containing the inserts were selected and grown overnight in 5 ml of LB broth containing 

ampicillin in a shaking incubator at 37 °C. The plasmid DNA was then purified using the 

QIAprep Spin Miniprep kit (Qiagen, Valencia, CA) and the presence of the inserts 

confirmed by digestion with EcoR1.  Sequencing was performed on approximately ten 

clones per patient at the early (first available) and late (first available after progression to 

ESLD) timepoints and their matched control samples. Due to limited sample availability, 

it was not possible to clone and sequence samples of matched pairs at interim timepoints.

DNA Sequence Manipulation and Phylogenetic Analysis

Sequences were aligned manually and gaps created where any additions or 

deletions occurred.  Phylogenetic and molecular evolutionary analyses were conducted 

using Molecular Evolutionary Genetic Analysis software (MEGA version 2.1).21 The 
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MEGA algorithms were used to calculate the mean Kimura 2-parameter pairwise 

distance for all clones as well as a matrix of Kimura 2-parameter pairwise distances for 

each patient.  The numbers of synonymous mutations (dS) and the numbers of 

nonsynonymous mutations (dN) were determined using the Nei-Gojobori method with 

the Jukes-Cantor correction for multiple substitutions.22 The mean dN/dS ratio, a measure 

of selective pressure, was also calculated for each patient.  Phylogenetic trees of each 

patient, illustrating genetic distance between clonal sets, were generated using the 

Neighbor Joining method of Saitou and Nei.23 Samples from early infection in both cases 

and controls were compared to those obtained at follow-up from cases and controls, after 

onset of ESLD in the cases.

Statistical Analysis

Demographic comparisons were performed using the chi-square test and the 

paired t-test.  Nonlinear and linear regression models, the paired t-test, and a two-way 

mixed model ANOVA were used to assess differences in complexity and distance 

matrices between case/control pairs over time.  These analyses were conducted for the 

136-bp product amplified from the internal forward and internal reverse primers and the 

truncated 81-bp sequence corresponding to the HVR1 region, and for the core region 

from the core internal forward through 573 base pairs. The difference in amino acid 

diversity between pairs was evaluated using a paired t-test by amino acid position. 

Specific amino acid differences and hydropathic character differences were evaluated 

using the chi-square test.   Two-tailed p-values less than 0.05 were considered statistically 
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significant. Statistical analyses were conducted using either Stata version 7.0 (Stata 

Corporation, College Station, TX) or SAS version 8 (SAS Institute, Cary, NC). 

Nucleotide Sequence Accession Numbers

Nucleotide sequences used in this study are available in the GenBank database 

under accession numbers AY366563-AY366891, AY367040-AY367049 for the 

hypervariable region and AY521893-AY522326 for the core region.
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Results

Patient Demographics

Table 1 shows the demographic characteristics of the cases and controls. All 

patients were male, and all were HCV genotype 1. Nineteen out of 20 patients (95%) had 

prior, resolved coinfection with hepatitis B virus (HBV). One patient was HBV-marker-

negative. Baseline CD4+ and CD8+ T cell counts, AST and ALT levels, and HCV/HIV 

RNA titers were not available for all patients. Baseline values were used when available; 

otherwise, the next measurement after baseline was utilized. 

Analysis of the HVR1

HCV Quasispecies Complexity

A total of 342 clones from 20 patients were sequenced and analyzed. The mean 

time between early and late samples was 9.3 years (SE 0.69 years). Mean numbers of 

clones per patient were 9.9 (SE 0.76) for the early timepoint and 7.4 (SE 0.34) for the 

follow-up timepoint. Complexity was assessed by the proportion of unique nucleotide 

sequences to the number of clones assessed at each timepoint for each patient (Table 2). 

Regardless of HIV status, the mean early-timepoint frequency of unique nucleotide 

sequences within HVR1 for progressors was 0.73 (SE 0.04) sequence/clone for 

progressors, compared to 0.59 (SE 0.08) for non-progressors (p = 0.23). At the late 

timepoint, the mean frequencies were 0.61 (SE 0.04) and 0.77 (SE 0.07) for progressors 

vs. nonprogressors, respectively (p = 0.22). The differences between early and late 

frequencies indicate a narrowing of the quasispecies population complexity for 

progressors (-0.12 sequence/clone) and an increase in complexity (0.18 sequence/clone) 
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for nonprogressors. The changes in complexity over time were statistically significantly 

different for progressors compared to nonprogressors (p = 0.01). 

HCV Quasispecies Diversity

Diversity was assessed by comparing the mean Kimura 2-parameter distances 

between early and late sets of clones for matched cases/controls. Early and late distances 

are displayed in Figure 1. Regardless of HIV status, progressors as a group tended to 

have greater genetic diversity at the early timepoint than nonprogressors (p = 0.04) and 

demonstrated significant narrowing of genetic diversity over time (p = 0.04). 

Nonprogressors as a group maintained the same level of diversity over the study duration.  

MEGA was used to compute net change in intrasubject distances between early and late 

groups of clones by the formula dA = dXY – (dX - dY)/2  where dXY is the average distance 

between groups X (early clones) and Y (late clones), and dX and dY are the mean within-

group distances. The mean intrasubject change in distance for progressors was 0.32 (SE 

0.11) vs. 0.11 (SE 0.03) for controls (p = 0.09). Phylogenetic trees illustrating the 

distances between clones for each patient are shown in Figure 2.  

Mutational Selection

The nonsynonymous (dN) to synonymous (dS) mutation ratio, a marker of 

selective pressure, was compared between early and late time points for both cases and 

controls. One patient (pair 2 case), who was infected with two HCV subtypes, displayed a 

dramatically large dN/dS ratio at the later timepoint (39.02) due to a shift in the dominant 

subtype from 1a to 1b.  With this outlying matched pair removed from the analysis, 
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progressors demonstrated an overall statistically non-significant decrease in dN/dS ratio 

(from 2.02 to 0.62, p = 0.13) over time while nonprogressors remained stable (Table 3).

Amino acid sequences were predicted for the 81-bp HVR1 (aa 384-410) and 

aligned to determine the number of unique amino acids observed at each position. 

Sequences for each matched pair are shown in Figure 3. From these data, a profile of 

amino acid variation in HVR1 for cases and controls was created (Figure 4). The mean 

number of amino acid substitutions per site, including deletions, was 5.3 (SE 0.54) for the 

progressors and 5 (SE 0.61) for nonprogressors (p = 0.44). However, site-by-site analysis 

revealed statistically significant differences in the frequency of the most-conserved amino 

acid residues at various positions. A Thr residue is found at position 2 of the amplified 

sequence in all of the controls (151/151, 100%), but one progressor had a deletion at that 

location in 15/16 early-timepoint clones so that the frequency in the case group was 

136/150 (91%). At position 4, Val is predominant in both cases and controls, but in 

94/150 cases (63%) vs. 116/151 controls (77%, p = 0.03). Instead of Val, Thr occupies 

this position in 49/150 cases (33%) vs. 6/151 controls (4%). An Ala residue is present at 

position 9 in 84/151 control clones (56%), but only in 59/150 cases (39%, p = 0.02). 

Sixty-seven of 150 cases (45%) have a Val residue occupying that position vs. 13/151 

controls (9%). Similar differences in frequencies of Thr and Asn are found at positions 13 

and 27, respectively. Other positions are very highly conserved in both groups, including 

Gly at positions 6, 7, and 23, and Gln at position 2.
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Because amino acid variation may alter hydropathic properties that are required 

for HVR1 structure and function, we assessed the proportions of hydrophilic, neutral, and 

hydrophobic residues at each site within the HVR1 using the scale of Black and Mould.24

Overall, sites 2, 6, 7, 18, and 23 were at least 80% neutral in sequences from both cases 

and controls. Sites 25, 26, and 27 were nearly 100% hydrophilic. Sites 16, 19, 20, and 24 

were nearly 100% hydrophobic. The remaining sites (1, 3, 4, 8-15, 17, 21, and 22) 

appeared more tolerant of variability. Ten sites had greater than 14 % difference (p < 

0.05) in frequency for the predominant hydropathic character of its residues between 

sequences from cases and controls. This subset of ten sites is displayed in Figure 5. 

Analysis of the Core Region

HCV Quasispecies Complexity

A total of 425 clones from the core protein coding region of the 20 patient pairs 

were sequenced and analyzed. The mean time between early and late samples was 9.3 

years (SE 0.69 years). Mean numbers of clones per patient were 10.9 (SE 0.42) for the 

early timepoint and 10.35 (SE 0.29) for the follow-up timepoint. Complexity was 

assessed by the proportion of the number of unique core region nucleotide sequences to 

the number of clones from patients at early and late timepoints (Table 4). The total early-

timepoint mean of unique nucleotide sequences per total number of clones within the 

core region for progressors, regardless of infection status, was 0.54 (SE 0.09). For 

nonprogressors, this mean was 0.76 (SE 0.05) (p = 0.06). At the late timepoint, the mean 

frequencies were 0.67 (SE 0.09) and 0.75 (SE 0.06) for progressors vs. nonprogressors, 

respectively (p = 0.47). In contrast to the changes in quasispecies population complexity 
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in the HVR1, where a narrowing of the population was seen in progressors compared to 

increased complexity for nonprogressors, no significant differences were apparent in the 

unique sequences of the core region for progressors vs. nonprogressors. 

HCV Quasispecies Diversity

Diversity in the core region was assessed via Kimura 2-parameter pairwise 

distances between early and late sets of clones for the matched cases and controls. 

Differences in genetic distance are shown in Figure 6. The core region demonstrated less 

overall genetic diversity than the HVR1, as indicated by smaller Kimura 2-parameter 

distances. At baseline, there were no statistically significant differences in diversity 

between progressors and nonprogressors. Over time, 5 progressors and 1 nonprogressor 

showed a decrease in genetic distance within early and late sets of clones. Five 

progressors and 6 nonprogressors displayed an increase in diversity, and 0 progressors vs. 

3 nonprogressors demonstrated no net change. However, mean between-group genetic 

distances for early and late clonal sets were 0.04 (SE 0.01) and 0.02 (SE 0.003) for 

progressors vs. nonprogressors, respectively (p = 0.02, data not shown). 80% of the 

progressors had greater overall genetic distance than their matched controls.

Mutational Selection

Mutational selection for the core region was determined by calculating mean 

dN/dS ratios for cases and controls over the early and late timepoints (Table 5). Although 

the progressor in pair 2 was clearly an outlier in the HVR1 dN/dS ratio analysis due to 

the significant nucleotide changes associated with a subtype shift, there were no outliers 
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evident in analysis of the core region. There was a statistically significant baseline 

difference in paired dN/dS ratio between progressors and nonprogressors. However, all 

dN/dS ratios were ≤ 1, indicating a lack of selective pressure driving nonsynonymous 

mutations. Mean dN/dS ratios of both progressors and nonprogressors decreased over 

time so that late-timepoint differences were no longer significant. 

Finally, no measures of quasispecies complexity, diversity, or mutational 

selection were found to be significantly associated with demographic characteristics, 

baseline CD4+/CD8+ counts, HCV viral load, or HIV infection status. 



15

Discussion

Although it has been well documented that patients coinfected with HCV/HIV are 

at increased risk for progression to end-stage liver disease compared to monoinfected 

patients, 2-4,25-27 the evolution of the HCV quasispecies during this process has not yet 

been clearly defined. HCV quasispecies complexity and diversity have been examined in 

relation to HIV-related immunosuppression,28-30  patient response to interferon-based 

treatment, 8,31-36 response to liver transplation,9,37-40 and in patients with alcoholism18,41 or 

hemophilia.42 These studies have generated conflicting results. While some investigators 

have observed an association between complexity of the HVR1 and response to 

interferon,43,44 others have not.45-47 There is a paucity of longitudinal data regarding HCV 

quasispecies emergence and selection in patients progressing to ESLD. One report from 

Curran et al.48 analyzed serum and biopsy specimens from six untreated HCV-infected 

patients with various stages of liver disease over approximately 5 years. Three patients 

with severe liver disease demonstrated a stable population while three patients with mild 

liver disease demonstrated increasing viral complexity. However, not all groups have 

detected such a difference.49 This may be related to differences in sample size and 

duration of observation.

Studies in patients with inherited bleeding disorders have been similarly limited in 

scope and have yielded conflicting results. Many have focused on methods to detect the 

multiple genotypes, subtypes, and variants that may have existed in the donor pool rather 

than on the relationship between quasispecies heterogeneity and disease progression.50,51

Our study is the first to analyze HVR1 and core region variability in untreated HCV-
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infected and HCV/HIV-coinfected hemophilic patients with progression to ESLD, 

compared to matched, nonprogressing controls. 

In this study, we demonstrated significant differences in changes in quasispecies 

complexity over time within the HVR1 for progressors compared to nonprogressors (p = 

0.01). Progressors had greater quasispecies complexity at baseline (more unique 

nucleotide sequences per number of clones), but this complexity narrowed over the 

follow-up period of 9 years. Nonprogressors, in contrast, demonstrated an increase in 

complexity over time. These changes were evident regardless of HIV coinfection status. 

These results may initially appear to conflict with a prior cross-sectional study of 

coinfected and monoinfected patients that determined greater HVR1 sequence variability 

in coinfected patients, suggesting a possible accumulation of variants due to inability of 

those coinfected to clear the dominant type.29 However, while the duration of infection 

was not reported in that study, no patients had yet progressed to ESLD. Coinfected 

patients analyzed at a relatively early point of HCV infection would yield comparable 

findings. 

We observed similar trends in quasispecies diversity within the HVR1, assessed 

via mean Kimura 2-parameter distances between early and late sets of clones for the 

matched progressors and nonprogressors. Progressors exhibited greater early-timepoint 

genetic diversity than nonprogressors (p = 0.04) but that diversity narrowed significantly 

over time in progressors (p = 0.04) and remained constant in nonprogressors regardless of 

infection status. This is consistent with results from Tagariello et al.42 who recently 

analyzed samples from 12 HCV-monoinfected hemophiliacs and found that those with 
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progressive disease had high homogeneity as assessed by heteroduplex mobility assay 

while nonprogressors had fairly static heterogeneity over time. 

These differences within the HVR1 were confirmed in analysis of dN/dS ratios 

over time. After eliminating an outlying matched pair with a subtype shift in the 

progressor group, the progressors had slightly greater average dN/dS ratio at baseline 

than nonprogressors (p = 0.25). At the endpoint, however, the progressor group had a 

decreased average dN/dS ratio compared to no change for nonprogressors. Although the 

difference did not achieve statistical significance (p = 0.31), the trend is consistent with 

other measures of quasispecies evolution described above. Moreover, site-by-site analysis 

of predicted amino acid sequences for both early and late timepoints revealed significant 

differences in conservation of amino acid residues and, consequently, differences in 

hydropathic properties between progressors and nonprogressors. While we have not yet 

determined specific structural and/or functional significance of these changes, the 

differences suggest that nonprogressors are able to maintain an equilibrium of 

quasispecies variants, either through immune selection or through clearance of emerging 

mutants. Progressors may have an abrogated ability to clear new variants, resulting in 

early complexity and diversity but the eventual dominance of a variant with greater 

replicative fitness or greater pathogenic potential.

Because the HCV core protein coding region has been associated with liver injury 

in vitro and in transgenic mouse models, we analyzed the same parameters of evolution 

over time in this portion of the HCV genome. Progressors demonstrated a slight increase 

in complexity over time compared to nonprogressors, although this change did not reach 

statistical significance. Likewise, although the early dN/dS ratio was significantly lower 
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in progressors than in nonprogressors, both groups of patients had dN/dS ratios 

consistently <1, indicating a lack of selective pressure for this region. In contrast to the 

findings in the HVR1, genetic distances in the core region between early and late clonal 

sets were likely to be greater for progressors (p = 0.02), indicating greater divergence. 

The core region has been shown to regulate oncogenes,11,15,52 alter cytokine expression,12

and inhibit apoptosis,14 all of which are pathogenic mechanisms. Ray et al.53 have 

postulated that specific mutations at core amino acid positions 9 and 11 help modulate 

NF-κB activity. Our sequences displayed the RKT motif (positions 9-11) with four 

exceptions: T11 → P occurred in 3 clones, K10 → I occurred once, T11 → A once, and K10

→ A in 11 clones. All of these mutations occurred in progressors, and all generate 

increased hydrophobicity at those positions. This suggests that increased rates of specific 

mutation could lead to higher rates of progression to fibrosis, possibly through inhibition 

of inflammatory repressor activity, although the exact mechanism of this process remains 

unknown. Analysis of CD4+/CD8+ proliferative responses to HCV-specific epitopes may 

help elucidate the factors associated with clearance of specific epitopes.

In conclusion, we have demonstrated numerous and significant differences in 

HCV quasispecies complexity and diversity in the HVR1 as well as differences in genetic 

diversity in the core region among interferon-naive progressors and nonprogressors with 

inherited bleeding disorders. None of these differences were associated with HCV or HIV 

viral loads, demographic factors, or CD4+/CD8+ counts. Because patients infected 

through contaminated clotting factors were likely to have similar chances of exposure to 

multiple viral genotypes, subtypes, and variants through the large donor pool, these 

results suggest that multiple mechanisms, including viral fitness and host immune factors, 
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drive quasispecies emergence and selection in patients with progressive vs. 

nonprogressive disease. It is possible that more extensive cloning at each timepoint, and 

at interim timepoints, might clarify which mechanisms are operative during emergence 

and selection. Changes occurring in the HVR1 vs. the core region in progressors vs. 

nonprogressors are inconsistent. The HVR1 appears to exhibit the result of mutational 

selection; generally, the greater the immune selection process, the more variability will 

emerge over time. Patients progressing to ESLD, who likely exert less immune pressure 

on the virus, will demonstrate decreased variability in the HVR1 over time. The core 

region, however, undergoes stochastic rather than selectional mutation altering its 

hydropathic character. In progressors, the changes that occur in the core region appear to 

be associated more frequently with hydrophobic elements that may have important 

functional significance. Further understanding of these mechanisms may help identify 

factors related to rate of progression and to treatment response in HCV-infected patients 

with inherited bleeding disorders. 
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Tables

Table 1. Demographic characteristics of progressors to end-stage liver disease (cases) and 
nonprogressors (controls).

Progressors (n = 10) Nonprogressors (n = 10) p-value
Race (n, %)
     Caucasian
     Other

10 (100)
--

6 (60)
4 (40)

n.s.

HIV-positive
[n (%)]

8 (80) 8 (80) n.s.

HCV viral load
(bDNA, copies/mL)
[mean (range)]

2.27E+07
(5.19e+05 – 6.88e+07)

2.38E+07
(5.55e+05 – 8.96e+07)

n.s.

HCV subtypes* 1 = 1
1a = 4
1b = 5

1 = 1
1a = 7
1b = 2

n.s.

Baseline CD4+
(cells/mL)
[mean (range)]

525 (249 – 1388) 417 (212 – 680) n.s.

Baseline CD8+
(cells/mL)
[mean (range)]

698 (277 – 1379) 922 (133 – 2592) n.s.

Time from baseline 
to follow-up (years)
[mean (range)]

7.82 (4.7 – 13.9) 10.71 (6.1 – 14.3) 0.01

Baseline AST (U/L)
[mean (range)]

70 (38 – 128) 47.6 (29 – 64) n.s.

Baseline ALT (U/L)
[mean (range)]

90 (48 – 130) 87 (34 – 197) n.s.

* 3 patients exhibited genotype shifts during the study period: one from 1a to 1b, one from 1b to 1a, and 
one from 1b to 1.54
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Table 2. Mean frequencies of unique HVR1 nucleotide sequences for each patient subpopulation.
Frequencies were determined by the proportion of unique nucleotide sequences to the number of clones 
assessed for each patient at early and late timepoints. “N” represents number of patients in each population.

Mean complexity (standard error)
Timepoint Progressors                 

(n = 10)
Nonprogressors      

(n = 10)
Difference:       

Progressor -
Nonprogressor

Coinfected (n=16)
Early                0.78 (SE 0.02) 0.54 (SE 0.09) 0.24

Late 0.65 (SE 0.07) 0.72 (SE 0.07) -0.07
Monoinfected (n=4)     

Early 0.53 (SE 0.03) 0.81 (SE 0.18) -0.28

Late 0.48 (SE 0.23) 1.0 (SE 0.0) -0.52
Total

Early 0.73 (SE 0.04) 0.59 (SE 0.08) 0.14

Late 0.61 (SE 0.04) 0.77 (SE 0.07) -0.16

Late - Early -0.12 (SE 0.07) 0.18 (SE 0.10) -0.30*

*P = 0.01 for difference in unique nucleotide sequence frequencies between progressors and 
nonprogressors over time (generalized estimating equation model with binomial distribution and logit link)
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Table 3. Mean dN/dS ratio comparisons within the HVR1 for progressors (cases) and nonprogressors 
(controls). The numbers of synonymous mutations (dS) and the numbers of nonsynonymous mutations 
(dN) were determined using the Nei-Gojobori method with the Jukes-Cantor correction for multiple 
substitutions.22 The mean dN/dS ratio, a measure of selective pressure, was calculated for each patient.  
One matched pair is excluded due to a shift in dominant subtype in the progressor. Progressors 
demonstrated an overall decrease in dN/dS ratio over time while nonprogressors remain stable.

dN/dS ratio (standard error)

Timepoint
Progressors Nonprogressors p-value for difference 

between progressors 
and nonprogressors

Early dN/dS ratio 2.02  (SE 0.70) 0.98  (SE 0.22) p = 0.25

Late dN/dS ratio 0.62  (SE 0.22) 0.98  (SE 0.39) p = 0.52

Mean difference (early 
to late) in dN/dS ratio

- 1.40 (SE 0.83) - 0.006 (SE 0.55) p = 0.31

p-value for difference 
over time

p = 0.13 p = 0.99
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Table 4.  Mean frequencies of unique core region nucleotide sequences for each patient 
subpopulation. Frequencies were determined by the proportion of unique nucleotide sequences to the 
number of clones assessed for each patient at early and late timepoints within the core coding region. “N” 
represents number of patients in each population.

Mean complexity (standard error)
Timepoint Progressors                 

(n = 10)
Nonprogressors      

(n = 10)
Difference:       

Progressor -
Nonprogressor

Coinfected (n=16)
Early 0.56 (SE 0.11) 0.72 (SE 0.06) -0.16

Late 0.61 (SE 0.10) 0.73 (SE 0.07) -0.12

Monoinfected (n=4)
  Early 0.47 (SE 0.20) 0.92 (SE 0.08) -0.45

Late 0.89 (SE 0.11) 0.83 (SE 0.08) 0.06

Total
Early 0.54 (SE 0.09) 0.76 (SE 0.05) -0.22

Late 0.67 (0.09) 0.75 (SE 0.06) -0.08

Late - Early 0.13 (SE 0.13) -0.01 (SE 0.06) 0.14

* P = n.s. for all comparisons
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Table 5. Mean dN/dS ratios within the core coding region for early and late timepoints for 
progressors (cases) vs. nonprogressors (controls). The numbers of synonymous mutations (dS) and the 
numbers of nonsynonymous mutations (dN) were determined using the Nei-Gojobori method with the 
Jukes-Cantor correction for multiple substitutions.22 The mean dN/dS ratio, a measure of selective pressure, 
was calculated for each patient.  

dN/dS ratio (standard error)

Timepoint
Progressors 

(n=10)
Nonprogressors 

(n=10)
p-value for difference 
between progressors 
and nonprogressors

Early dN/dS ratio 0.15 (SE 0.07) 0.30 (SE 0.10) p = 0.05

Late dN/dS ratio 0.10 (SE 0.03) 0.16 (SE 0.04) p = 0.26

Mean difference 
(early to late) in 
dN/dS ratio

-0.05 (SE 0.08) -0.13 (SE 0.10) p = 0.31

p-value for 
difference over time

p = 0.54 p = 0.21
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Figure 1. Mean genetic distances within the HVR1 for early and late clonal sets 
from progressors and nonprogressors. Distance was calculated via the mean Kimura 2-
parameter pairwise distances for each patient.
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Figure 2. Phylogenetic trees (HVR1) for cases and controls.

 L

L

L

  L

 E

  L

  L

  E

 E 

  E

  E

  E

  E

  E

  E

  E

0.02 

Pair 3 case

  L

  L

  L

  L

  L

  E

  E

  E

  E

  E

  L

  L

  L

  L

  E

  E

  E

  E

  E

0.02 

Pair 5 case

E

E

E

E

E

E
E

E

E

E

E

E

E

E

L

 L

 L

L

L

L

L

L

 L

L

0.02 

Pair 5 control

  L

  L

  L

 L

  L

  L

  L

  L

  L

 L

  E

  E

  E

  E

  E

  E

  E

  E

0.02 

Pair 8 case
 L

  L

  L

  L

  L

  L

   L

L
  L

  E

  E

  E

  E

  E

0.02 

Pair 8 control

L
L

L

  L

  L

  L

  E

   E

  E

  E

  E

  E

E

E
  E

  E
  E

  E

0.02 

Pair 3 control



32

  E

  E

  E

  E

  E

  E

  E

  E

  E

  E

  L

  L

  L

  L

  L

0.02 

Pair 12 case
  E

  E

  E

E
  E

  E

  L

  L

  L

  L

  L

0.02 

Pair 12 control

  E

  E

  E

  E

  E

  L

  L

  L

  L

  L

  L

0.02 

Pair 17 case

  E

  E

  E

  E

  E

  E

  E

  E

  E

  E

  L

  L

  L

  L

  L

  L

  L

  L

0.02 

Pair 17 control

  E

  E

  E

  E

  E

  E

  E

  E

  E

  L

  E

  L

  L

  L

  L

  L

  E

0.02 

Pair 9 control
  L

  L

  L

  L

  L

  L

  L

  E

 E

  E

  E

  E

  E

0.02 

Pair 9 case



33

  L

  L

  L

 L

 L

  L

  E

  E

  E

  E

  E

0.02 

Pair 19 case

  L

  L

  L

 L

  L

L
  E

  E

  E

  L

  E

  E

  E

  E

  E

 E

  E

0.02 

Pair 19 control

L

  L

  L

  L

  E

  L

  E

  L

  E

  E

  L

  E

  E

  E

  E

  E

  E

  E

  E

  E

  E

  E

0.02 

Pair 22 case
  E

  E

  E

  E

  E

L
  L

  L

  L

  L

  E

  E

  L

  L

  L

  E

  E

0.02 

Pair 22 control

  L

  L

  L

  L

  L

  L

  L

  L

  E

  E

  E

  E

  E

  E

  E

0.02 

Pair 18 control

  L

  L

  L

  L

  L

  L

  L

  L

  E

  E

  E

  E

  E

 E

  E

  E

  E

E
  E

0.02 

Pair 18 case



Pair 2 case early

#4208 QGTY-N-E-- VSP-PPP-V- --RACSHL-P SQ

#4203 ....-.-.-- ...-...-A- --......-. ..
#4204 ....-.-.-- ...-...-.- --......-. ..

#4205 .S..-.-.-- ...-...-.- --......-. ..
#4209 ....-H-.-- ...-...-.- --......-. ..

#4210 ....-.-.-- D..-...-.- --....R.-. ..

#4211 .S..-.-.-- ..S-...-.- --......-. ..
#4212 ....-.-.-- ...-...-.- --......-. ..

#4213 ....-.-.-- ...-...-.- --......-. ..

#4216 ....-.-.-- ...-...-.- --......-. ..
#4218 ...SG.-.-- ...-...-.- --......-. ..

#4220 ....-.-.-- ...-...-.- --......-. ..
#4221 ....-.-.-- ...-.L.-.- --......-. ..

#4222 ....-.-.-- ...-...-.- --......-. ..

#4223 ....-.-.-- .G.-...-.- --......-. ..
#4224 ....-.-.-- ...-...-.- --......-. ..

Pair 2 case late

#4403 -TH-H----- -R-AP--AWT YW-SSVRAP- QNIQLI

#4404 E..--S--E- -.-..--... ..-......- ......
#4405 -..-.----- -.-..--... ..-......- ......

#4406 -..-.----- -.-..--... ..-......- ......
#4407 -..-.----- -.-..--... ..-......- ......

#4408 E..-L----- -.-..--... ..-......- ......

#4409 -..-.----- -.-..--... ..-...Q..- ......
#4411 -..-.----- -.-..--... ..-......- ......

#4412 E..-L-GE-- RP--ALGL-- -.-......- ......

Pair 2 control early

#2C38-06 ETHITGGSAG HATSGFVRLL APGAKQN

#2C38-08 .......... .......... .......
#2C38-11 .......... .......... .......

#2C38-12 ..R....... .......... .......
#2C38-14 .......... .......... .......

#2C38-15 .......... .......... .......

#2C38-16 .......... .......... .......
#2C38-17 .......... .......... .......

#2C38-20 .......... .......... .......

Pair 3 case early

#3I48-02 ETTVTGAVAG RTTAVFAGLF RSGAKQD

#3I48-03 .......... .......... .......
#3I48-04 ...I..G... .DA.G.V.F. AR..Q..

#3I48-05 .......... .......... .......
#3I48-06 ...I..G... .DA.G.V.F. AR..Q..

#3I48-07 ......GTVS ....RL.SI. S......

#3I48-08 ...I..G... .DA.G.V.F. AR..Q.N
#3I48-09 ......GTVS ....RL.... S......

#3I48-10 .......... .......... .......

#3I48-11 .......I.. .......... .P.....

Pair 3 case late

#3I50-04 ETTVTGGTVS RTTARLASIF SPGAKQD

#3I50-05 .......... .......... .S.....
#3I50-06 .......... .......D.. .......

#3I50-07 .......... .......... .S.....

#3I50-08 .......... .......... .S.....

#3I50-10 .......... .......... .S.....

Pair 3 control early

#3C45-01 GTHVTGGREA SAAHGLTKLL TVGPKQN

#3C45-02 .......... .......... .......
#3C45-03 Q...S..S.. R..YK.SSFF ...A...

#3C45-04 Q......S.. R..YK.SSFF .L.A...
#3C45-05 Q......S.. R..YK.SSFF .L.A...

#3C45-06 Q...S..S.. R..YK.SSFF ...A...

#3C45-07 .......... .......... .......
#3C45-08 Q...S..S.. R..YK.SSFF ...A...

#3C45-09 .......... .......... .......

#3C45-10 .......... .......... .......
#3C45-11 Q...S..S.. R..YK.SSFF ...A...

#3C45-12 Q......S.. R..YK.SSFF .L.A...

Pair 3 control late

#3C47-01 QTHVTGGREA RAAQGFAQLF TAGAKQN

#3C47-03 .......... ......S... .......

#3C47-05 .......... ......S... .......

#3C47-06 .......... ......S... .......
#3C47-07 .......T.. ...H...... .......

#3C47-12 .......... ......S... .......

Pair 5 case early

#5I10-01 GTYVVGGTAA QSAYGLTSLL APGAKQN

#5I10-02 D...T.AITG ..VS..A..F T...R..
#5I10-03 D...T.AITG .GVS..A..F N...R..

#5I10-05 ..H....... .......... .......
#5I10-06 N...T..STG RG.S.IAG.F V......

#5I10-09 N...T.ASTG RG.S.IVG.F T...R..

#5I10-10 ..H....... .......... .......
#5I10-11 ..H....... .......... .......

#5I10-14 D...T.AITG .GVS..A..F N...R..

#5I10-15 ..H....... .......... .......

Pair 5 control early

#5C1-02 QTRVTGGSAS HTTSGLVGLF RSGPKQN

#5C1-03 .......... .......... .......
#5C1-04 .......... .......... .......

#5C1-07 .......... .......... .......
#5C1-08 .......... .......... .......

#5C1-10 .......... .......... .......

#5C1-11 .......... .......... .......
#5C1-13 .......... .......... .......

#5C1-14 .......... .......... .......

#5C1-15 .......... .......... .......
#5C1-17 .......... R......... .......

#5C1-18 .......... .......... .......
#5C1-19 .......... .......... .......

#5C1-20 .......... .......... .......

Pair 8 case early

#8I69-05 ETHVTGGTVA HATAGFTRLL APGAKQN

#8I69-08 ...TV..K.. Q.A...V.F. E...R..
#8I69-09 ...TV..K.. Q.A...V.F. E...R..

Pair 8 case late

#8I71-02 ETYVSGGSVG RTVAGVGSLF NPGAKQN

#8I71-03 .......... .......... .......

#8I71-04 .......... .......... .......

#8I71-07 .......... .......... .......
#8I71-09 K.......A. .I........ .......

#8I71-11 .......... .......... .......

#8I71-12 .......... .......... -......

Pair 8 control early

#8C66-03 TTYATGRAQG RTTQGLTSLF TPGSSQN

#8C66-06 .......... .......... .......
#8C66-08 .......... .......... .......

#8C66-12 .......... .......... .......

Pair 8 control late

#8C68-01 TTYTTGGAQG RTTQGLTSLF KPGSSQN

#8C68-07 .......-.S .....F.... R......
#8C68-08 N..A.....S .....F.... T......

#8C68-09 N..A...... .....F.... R......
#8C68-10 .......-.S .....F.... R......

#8C68-12 .......-.S .....F.... R......

#8C68-13 D........S .....F.... R......

#8C68-14 N..A...... .....F.... R......

Pair 5 case late

#5I9-02 NTYVTGGSTG RGAAGIAGLF VPGAKQN

#5I9-04 E.H.V...AA QS.F.L.S.L A......
#5I9-07 D......... .......... .......

#5I9-08 .......... .......... .......
#5I9-10 E.H.V...AA QS.F.L.S.L A......

#5I9-11 .......... .......... .......

#5I9-13 E.P.V...AA QS.F.LTS.L A......

#5I9-14 .......... .......... .......

#5I9-15 E.H.V...AA QS.F.L.S.L A......

Pair 5 control late

#5C6-01 ETQVTGGSAG YTTYGLAGLF QPGAKQN

#5C6-02 .......... ...C...... .......
#5C6-04 .......... .......A.. .......

#5C6-06 .......... ...N...... .......

#5C6-08 .......... .......... .......

#5C6-10 .......... H......... R......

#5C6-12 .......... .......... .......
#5C6-13 .......... .......... .......

#5C6-14 .......... .......... .......

#5C6-16 .......... .......... R......

Pair 2 control late

#2C41-04 ETHITGGSAG HATSGFVHLL APGAKQN

#2C41-05 ...V...... .......SP. .......
#2C41-06 .......... .......... .......

#2C41-07 .......... .......... .......
#2C41-09 .......... .......R.. .......

#2C41-10 .......... .......... .......

#2C41-11 ...V...... .......S.. .......

#2C41-12 .......... .......... .......

Figure 3. Predicted HVR1 amino acid sequences.
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#8I69-11 ...TV..K.. Q.A...V.F. E...R..

#8I69-13 ...TV..K.. Q.A...V.F. E...R..

#8I69-14 .......... .......... .......

#8I69-15 ...TV..K.. Q.A...V.F. E...R..
#8I69-16 .......... .......... .......

#8I71-14 .......... .......... .......

#8I71-15 .......... .......... .......

#8I71-19 .......... .......... .......

#8C66-14 .......... .......... ....... #8C68-15 .........S .....F.... R......

Pair 9 case early

#9I73-03 QGTYATGGAS ARTTASFAGL FTLGPSQK

#9I73-06 E-.HVS..SA GCAALGLT.. .SP.AK.N
#9I73-09 .S........ .......... ........

#9I73-11 E-.HVS..SA G.AALGLT.. .SP.AK.N
#9I73-12 .......... .......... ........

#9I73-14 .S........ .......... ........

Pair 9 case late

#9I74-03 NTHTTGGTAA YNARGLTSLF APGPSQR

#9I74-04 .......... .......... .......
#9I74-05 .......... .......... .......

#9I74-08 .......... .......... .......
#9I74-10 .......... ...C....I. T......

#9I74-11 .......... .......... .......

#9I74-12 .......... .......... .......

Pair 9 control early

#9C76-01 GTYVTGGNVG HTTAGLAGLL APGARQN

#9C76-02 .......... .......... .......
#9C76-03 .......... .A........ .......

#9C76-04 .......... .......... .......
#9C76-05 D......... .....I.... TK..K..

#9C76-07 D.......A. ........F. TK..K..

#9C76-08 E......S.. .NVK...... TA.PK..
#9C76-09 .......... .......... .......

#9C76-10 E......S.. .A........ .......

#9C76-11 .......... .......... .......
#9C76-12 .......... .......... .......

Pair 9 control late

#9C75-02 NTYVTGGNVG HTTAGLAGLL TKGARQN

#9C75-03 D......SA. .......... ....K..
#9C75-06 .......... .......... .......

#9C75-08 .......... .......... .......
#9C75-09 ........A. R......... .......

#9C75-10 ..C.....A. .......... .......
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Pair 12 case late

#12I18-04 ETFVSGGTAG HTLS-FTSLL SPGAKQN

#12I18-08 .......... ....G..... .......

#12I18-10 .......... ....G..... .......

#12I18-16 .......... ....G..... .......
#12I18-18 .......... ....G..... .......

Pair 12 control early

#12C13-01 TTHVTGGNAA FTTSTFVSIW NPGAKQN

#12C13-02 ....S..... .......... KL.....
#12C13-04 ....S..... .......G.. .L.....

#12C13-05 ....S..... .......... *L.....
#12C13-06 .......... .......... .......

Pair 12 control late

#12C3-02 TTQISGGRAA QVTFAFTSLL NSGPKQN

#12C3-03 .......K.. EAA...S.FF QL..R..

#12C3-04 .......... .......... .......

#12C3-05 .......K.. .A......F. SR.....
#12C3-07 .......... .......... .......

#12C3-08 .......K.. .GA...ANFF Q......

Pair 17 case early

#17I117-02 RRSGNPRHRG KCRPHHGWPC *SLHTRRQAE

#17I117-06 .......... .......... ..........
#17I117-07 ..R....... ........A. ...R......

#17I117-10 ..R....... ........A. W..R......

#17I117-11 ..R....... ........A. ...R...... 

Pair 17 control early

#17C121-01 HTTVSGGVQA YNTRGLTSLF SPGAQQK

#17C121-02 .......... .......... .......
#17C121-04 .......... .......... .......

#17C121-05 .......... .......... .......
#17C121-06 .......... .......... .......

#17C121-07 .......... .......... .......

#17C121-08 .......... C......... .......
#17C121-09 .......... N..*...... ......R

#17C121-10 .......... .......... .......

#17C121-12 .......... .......... .......

Pair 18 case early

#18I125-01 RTYTTGGQVA HGTSVFTSLF KRGPKQN

#18I125-02 .......... .......... .Q.....
#18I125-03 .......... .......... .Q....D

#18I125-04 -..V..ESS. RA.HG..... SP.AS.K
#18I125-05 .......... .......... .Q.....

#18I125-06 .......... .......... .Q....D

#18I125-07 .......... .......... .Q.....
#18I125-08 .......... .......... .Q.....

#18I125-09 .......... .......... .Q.....

#18I125-10 .......... .......... .Q.....
#18I125-12 .......... .......... .Q....D

Pair 18 case late

#18I127-01 HTYTTGGQVA HGTSVLTSLF KQGPKQN

#18I127-02 R..A...... .......... .......
#18I127-04 R......... .....F.... ......S

#18I127-05 R..A...... .......... .......
#18I127-06 S......... .......... .......

#18I127-07 .......... .......... .......

#18I127-09 R......... .......... .......

#18I127-11 .......... .......... .......

Pair 18 control early

#18C128-01 ETYVTGGVAG HAARGFAGLF SPGAKQN

#18C128-02 .......... .S.L...SI. DR.....
#18C128-03 .......... .S.L...SI. DR.....

#18C128-04 .......... ...L...R.. DR.....
#18C128-07 .......... .......... .......

#18C128-10 .......... RS.L.L.... .Q.....

#18C128-12 .......... .S.L...SI. DR.....

Pair 18 control late

#18C130-02 ETYVTGGVAG HNALGFASLF DRGAKQN

#18C130-04 .......... .......... .......
#18C130-06 .......... .......... .......

#18C130-07 .......... .......... .......
#18C130-08 .......... .......... .......

#18C130-09 .......... .......... .......

#18C130-10 .......... .......... .......
#18C130-11 .......... .......... .......

Pair 19 case early

#19I131-02 GTHVTGGTLA RTTQGFTSFF ASGPSQK

#19I131-03 ..R....AQG .....L.... .......
#19I131-05 S.R....AQG .....L.... .......

#19I131-08 ..R....AQG .....L.... .......
#19I131-09 ..R....AQG .....L.... .......

Pair 19 case late

#19I134-03 GTRVTGGAQG RTTKGLTSFF VSGPSQK

#19I134-04 .......... ...Q...... .......
#19I134-07 .......... ...Q...... .......

#19I134-09 .......... ...Q...... .......
#19I134-16 .......... .......... .......

#19I134-17 .......... ...Q...... .......

Pair 19 control early

#19C136-03 NTHVTGGSA- SHLNGDPR-S LH-GARQN

#19C136-08 .........- .R......-. ..-.....

#19C136-10 Q.Y......- LRRG...Q-. S.-..K..

#19C136-11 Q.Y......- LRRG..QQ-. S.-.....
#19C136-12 .........- ..HDE...-. ..-.....

#19C136-13 .........- ..HD....-. ..-.....

#19C136-14 H.Y......- .DHD..QQ-. S.-.....

#19C136-16 .........A ...GRGSAV. ..S..K..

#19C136-17 .........- ........-. ..-.....

#19C136-19 .........- ........-. ..-.....

Pair 19 control late

#19C138-01 QTHVTGGSAG HTALGIASLL SPGARQN

#19C138-03 ..R....... R..S...N.F .Q.....
#19C138-05 H.....A... Q.VA..S..F TS.PK..

#19C138-06 .......... ...S...N.. ....K..
#19C138-07 ..R....... Y.TS...N.F ....K..

#19C138-08 H......... ...S...N.. .......

#19C138-10 H......... ...S...N.. .......

Pair 22 case early

#22I143-02 --HVTGGSAG HATSGVC*PS CTRRQAE

#22I143-15 --........ R.AL.LTGLF SPGAKQN
#22I143-16 --........ .....FVSLL APGAKQN

#22I143-20 --........ R.AL.LTGLF SPGAKQN
#22I143-21 --........ R.AL.LTGLF SPGAKQN

#22I143-22 --YT....VA QGAF.LASFL SPGAKQN

#22I143-23 --YT....VA QGAF.LANFL SRGPKQN
#22I143-24 --..S..... R.AL.LTGLF SPGAKQN

#22I143-25 --YT....VA QGAF.LANFL SRGPKQN

#22I143-26 --........ R.AL.LTGLF SPGAKQN
#22I143-27 --YT....VA QGAF.LASFL SPGAKQN

#22I143-28 --F.S..T.. .TL..FTSLL SPGAKQN
#22I143-29 --..S...EA R.AYKLSSFF TVGAKQN

#22I143-30 --..S..... R.AL.LTGLF SPGAKQN

#22I143-31 STYA...ASA RT.ASFAGLF TLGPSQK

Pair 22 case late

#22I146-01 ETYTTGGSVA QGAFGLASFL SPGAKQN

#22I146-03 .......... .......... .......
#22I146-04 .......... .......... .......

#22I146-07 .......... .......... .......

#22I146-08 .......... .......... .......

#22I146-09 .......... .......... .......

#22I146-11 .......... ...S...... .......

Pair 22 control early

#22C139-01 ETHVTGGSAA REANIFANIF SPGAKQN

#22C139-02 .......... .......... .......
#22C139-03 .........G .D.SV..G.. .S.....

#22C139-04 .........G .D.SL..G.. .S.....

#22C139-05 .......... KSVYS..SFL QR.....

#22C139-08 .........G .D.SL..G.. .S.....

#22C139-10 .........G .D.SL..G.. .S.....
#22C139-11 .........G .D.SV..G.. .S.....

#22C139-12 ........T. .A.AGITGL. .L.....

Pair 22 control late

#22C142-01 ETHVTGGAAG RDAGLLTSIS SPGAKQN

#22C142-02 .......STA HG.LG.A.FL .S.....
#22C142-03 .......STA HG.LG.A.FL .S.....

#22C142-04 G......T.. ...R.....F .......

#22C142-05 .......T.. .........F .......

#22C142-06 .......STA HG.LG.A.LL .S.....

#22C142-07 G......T.. .........F .......
#22C142-11 .......T.. .........F .......

Pair 12 case early

#12I16-02 TTYTTGGSAA LNVRGVVGLF QRGARQD

#12I16-03 .......... .......... .......

#12I16-04 .......... .......... .......

#12I16-07 .......... .......... .......

#12I16-16 A......... .......... .......

#12I16-18 .......... .......... .......

#12I16-21 .......... .......... .......

#12I16-22 .......... F....I.... .......

#12I16-24 .......... F....I.... .......

#12I16-26 .......... .......... ....... Pair 17 case late

#17I120-01 ETHVTGGSAG RTTAGFASFF TQGAKQN

#17I120-04 .......... H.......L. NP.....
#17I120-06 .......... H.......L. NP.....

#17I120-09 ...A...... H.......L. .......

#17I120-11 .......... H......... .......

#17I120-12 .......... .......... .......

Pair 17 control late

#17C124-02 HTTVLGGVQA YNTRGLTSLF SPGPQQR

#17C124-03 .......... .......... .......
#17C124-04 .......... .......... .......

#17C124-05 .......... .......... .......
#17C124-06 .......... .......... .......

#17C124-08 .......... .G........ .......

#17C124-10 .......... .......... .......
#17C124-11 ..A.S..A.. .D........ T..AR..
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Figure 4. Differences in number of amino acids present at sites within the HVR1 for 

progessors and nonprogressors.

Figure 5. Hydropathic character of amino acid residues at variable sites within the 

HVR1 for progressors and nonprogressors.
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Figure 6. Mean genetic distances for core region within early and late clonal sets 
from progressors and nonprogressors. Distance was calculated via the mean Kimura 2-
parameter pairwise distances for each patient.
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Figure 2. Phylogenetic trees from early/late E2/NS1 HVR1 clonal sets from ESLD progressors (cases) and 
nonprogressors (controls), constructed in MEGA2.1 using the neighbor-joining method of Saitou and Nei18.
Sequences from early-timepoint clones are labeled with an “E” at the end of the sequence name. Late-timepoint 
sequences are labeled with an “L”. One matched pair is not represented here due to a subtype shift in the progressor 
that precluded tree generation in MEGA. Progressors trended toward greater genetic diversity at the early timepoint 
than nonprogressors (p = 0.04) and demonstrated significant narrowing of genetic diversity over time, regardless of 
infection status (p = 0.04). Nonprogressors maintained the same level of diversity over the study duration.

Figure legends

Figure 3. Predicted 81-bp HVR1 amino acid sequences for early and late clonal sets from progressors to end-
stage liver disease (cases) and nonprogressors (controls). Sequence numbers are identified along the left column. 
Dots indicate no change from initial sequence (top line).
Figure 4. Number of amino acids, including deletions, represented at each site within the HVR1. Progressors 
(cases) are represented in gray, and nonprogressors (controls) in black. The mean number of amino acid substitutions 
per site, including deletions, was 5.3 (SE 0.54) for the progressors and 5 (SE 0.61) for nonprogressors (p = 0.44). 
Certain sites (2, 6, 7, 23, and 26) were highly conserved for both cases and controls but others (1, 9, 13, 27) had 
different numbers of substitutions between groups. Sites 4, 9, 13, and 27 had significantly less of the predominant 
amino acid residue in the case group than in the control group (p-values = 0.002, 0.03, 0.02, 0.01, and 0.02 
respectively). For site 2, this was due to one subject’s early set of clones with a deletion. For the other sites, this was 
due to substitutions among several sets of clones.
Figure 5.  Amino acid sites from the HVR1 with statistically significant variability in 
hydropathic character. Hydrophobicity was determined using the scale of Black and Mould.19

Hydrophobic residues include F, I, W, Y, L, V, M, P, C, and A. Neutral residues include G, S, and 
T. Hydrophilic residues include K, Q, N, H, E, D, and R. Proportion of residue hydropathic 
characteristics are presented as decreasing hydrophobicity from 0% up: hydrophobic residue 
proportions are represented in black, neutral in dark gray, and hydrophilic in light gray.
Figure 1.  Mean genetic distances within the HVR1 between early and late clonal sets for progressors and
nonprogressors. Distance was calculated via the mean Kimura 2-parameter pairwise distances for each patient. 
Regardless of HIV status, progressors as a group tended to have greater genetic diversity at the early timepoint than 
nonprogressors (p = 0.04) and demonstrated significant narrowing of genetic diversity over time (p = 0.04). 
Nonprogressors as a group maintained the same level of diversity over the study duration.  
Figure 6.  Mean genetic distances within the core coding region between early and late clonal 
sets for progressors and nonprogressors. Distance was calculated via the mean Kimura 2-
parameter pairwise distances for each patient. At baseline, there were no statistically significant 
differences in diversity between progressors and nonprogressors. Over time, 5 progressors and 1 
nonprogressor showed a decrease in genetic distance within early and late sets of clones. However, 
mean between-group genetic distances for early and late clonal sets were 0.04 (SE 0.01) and 0.02 
(SE 0.003) for progressors vs. nonprogressors, respectively (p = 0.02, data not shown). 80% of the 
progressors had greater overall genetic distance than their matched controls.
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